Abstract: E-cigarettes and other non-cigarette tobacco products are increasingly popular among youth. Little is known to inform public health efforts to reduce youth use. We examined psychosocial correlates of single and multiple tobacco product use among youth e-cigarette users. Data were from the 2014 Florida Youth Tobacco Survey (N = 69,923), a representative sample of Florida middle and high school students. Associations between combinations of e-cigarette, cigarette and other tobacco product (OTP) use and psychosocial variables were examined using multinomial logistic regression with an analytic sample of N = 2756. Most e-cigarette-using youth used at least one other product (81%). Perceiving cigarettes as easy to quit was significantly associated with greater likelihood of combined e-cigarette/OTP use (relative risk ratio (RRR) = 2.51, p < 0.001) and combined e-cigarette/cigarette/OTP use (RRR = 3.20, p < 0.0001). Thinking you will be smoking cigarettes in 5 years was associated with product combinations that include cigarettes. Tobacco company marketing receptivity was associated with multiple product user types. Given that specific psychosocial factors put youth at risk for concurrent use of e-cigarettes with tobacco products, public health efforts should address polytobacco use specifically, instead of individual product use. Youth perceptions about the ease of quitting cigarettes, intentions to continue smoking cigarettes and receptivity to tobacco company marketing are promising areas for messaging aimed at reducing e-cigarette polytobacco product use.
Introduction
With the introduction of electronic cigarettes (e-cigarettes) and their subsequent diversification into hundreds of brands and models [1] the marketplace of tobacco products in the United States is becoming increasingly complex and patterns of use are evolving. As rates of combustible cigarette use among U.S. youth decline, rates of hookah and e-cigarette use are increasing [2] [3] [4] [5] .
Many e-cigarette-using youths are dual or poly-users (i.e., use >1 tobacco product) [6, 7] and rates of multi-product use are increasing [8] . Nationwide, 63% of past 30-day e-cigarette users in the 2014 National Youth Tobacco Survey (NYTS) also used at least one other tobacco product [6] . Moreover, certain combinations of poly-use are becoming increasingly common. In the 2011 NYTS, less than 1% of high school students reported dual use of combustibles with e-cigarettes or poly-use of combustibles with e-cigarettes and noncombustibles; by 2015, 6 .6% reported dual-use combination and 2.6% reported poly-use combination [9] . students and 32,930 high school. Overall participation rates were 81% for middle school and 78% for high school. All subjects gave their informed consent for inclusion before they participated in the study. The study was conducted in accordance with the Declaration of Helsinki and the protocol was reviewed and exempted as ongoing public health surveillance by the Florida Department of Health Institutional Review Board.
Measures

Current Use
Survey items measuring current use of tobacco and marijuana varied in response options with some items that asked participants to report "yes" or "no" and others that asked for number of days out of the past 30. For all tobacco products, current use was defined as using the product on at least 1 of the past 30 days.
Current use of bidis, kreteks, pipe tobacco, flavored cigarettes, flavored cigars, flavored smokeless, hookah, e-cigarettes and snus, was measured using the question, "During the past 30 days, have you (smoked or used) . . . ?" with a yes or no response option. Marijuana use in a cigar was measured using the question "During the past 30 days, did you only smoke cigars that had marijuana in them?" Items used to measure current use of cigarettes, cigars and smokeless tobacco were asked individually with the question, "During the past 30 days, on how many days did you (smoke cigarettes; smoke cigars, cigarillos, or little cigars; use chewing tobacco, snuff, or dip)?" We defined OTP use as past 30-day use of bidis, kreteks, tobacco in a pipe, snus, chew, cigars, smokeless tobacco, marijuana used in a blunt, flavored cigars, flavored smokeless products, and/or flavored cigarettes. Respondents who did not use e-cigarettes were excluded from the study (N = 65,281). This left N = 4642 cases of current e-cigarette users for analysis.
Based on current e-cigarette users' responses, we categorized them as belonging to one of four, mutually exclusive groups of product user types: (1) e-cigarettes only (EC); (2) e-cigarettes and cigarettes without OTP use (EC/C); (3) e-cigarettes and OTPs without cigarette use (EC/OTP); and (4) e-cigarettes, cigarettes and one or more OTPs (EC/C/OTP). For example, adolescents reporting use of e-cigarettes and hookah but not cigarettes would be in the EC/OTP group while adolescents who reported using e-cigarettes, cigarettes and hookah would be in the EC/C/OTP group. Respondents with missing data or inconsistent answers (N = 1687, 6.8%) on any tobacco use question were excluded from regression analyses.
Demographics
Self-reported age was categorized into three categories: 9-14, 15-17 and 18 or older. Respondents reported their sex as either female or male. Race/ethnicity was measured using two items asking respondents to report their race (American Indian or Alaska Native, Asian, black or African American, Native Hawaiian or Other Pacific Islander, or white) and whether they identify as Hispanic (Mexican, Puerto Rican, Cuban, or some other Hispanic or Latino identity not listed). The following race/ethnicity categories were used for analysis: "white, non-Hispanic", "black, non-Hispanic", "Hispanic", and "other, non-Hispanic". Non-Hispanic multiracial participants were included in the "other, non-Hispanic" race/ethnicity category, while participants of any race were included in the "Hispanic" race/ethnicity category.
Tobacco Use Risk Factors Environmental Characteristics
Exposure to tobacco products is an environmental factor known to be associated with e-cigarette and tobacco use [6, 20, 21] and was included in the model. Respondents were asked "Does anyone who lives in your home use any of the following products now? (Do not count yourself)" for cigarettes, cigars, chew, hookah and e-cigarettes. Indicators were created for each product type for youth responding "yes." In addition to these indicators, we also included an indicator of exposure to cigarette smoke for youth reporting 1 or more days in the past week they had been in a room with someone smoking.
Psychosocial Characteristics
Given their relationship with e-cigarette and tobacco use in other studies [6, 15, 20, 21] , psychosocial characteristics included school performance, respondents' perceived acceptability of smoking among adults, beliefs about the relative harm of e-cigarettes compared to cigarettes, receptivity to tobacco company marketing, whether the youth thought they would be smoking in 5 years, whether respondents felt the five tobacco products were easy to quit using and a scale for how positive respondents felt about the five products (cigarettes, cigars, chew, hookah and e-cigarettes). All items were asked of e-cigarette users.
For school performance, we asked youth to report what letter grade they most often received based on the typical U.S. descending scale of A, B, C, D, or F. Youth reporting that they received mostly As, Bs, or Cs were coded as having "good" grades, while youth reporting that they received mostly Ds or Fs were coded as having "poor" grades.
Perceived smoking acceptability was created using the question "Do you think your friends view cigarette smoking among adults as acceptable?" Responses were grouped into two categories of "Definitely Not" and "Probably Not" versus "Definitely Yes" and "Probably Yes".
A measure of how risky respondents thought e-cigarettes were compared to cigarettes was created using the question "Compared to cigarette smoking, electronic cigarette (e-cigarette) smoking or 'vaping' is . . . " with youth reporting "Equally harmful" and "More harmful" = 0 and "Less harmful" = 1, such that a higher value for the item equates to thinking e-cigarettes are less harmful than cigarettes.
Receptivity to tobacco company marketing was measured by asking respondents if they "Would wear or use something with a tobacco brand on it (lighter, t-shirt, hat, sunglasses, etc.)?" Youth responding, "Definitely Yes" or "Probably Yes" were coded as receptive.
Youth were asked to report whether they thought they would be smoking cigarettes 5 years from now. Responses were grouped into two categories of "Definitely Not" and "Probably Not" versus "Definitely Yes" and "Probably Yes".
Respondents were also asked "Do you think it would be easy to quit using the following products" for cigarettes, cigars, chew, hookah and e-cigarettes. Youth responding, "Definitely Yes" or "Probably Yes" were coded as thinking the product would be easy to quit and youth responding, "Definitely Not" or "Probably Not" were coded as not thinking the product would be easy to quit.
Finally, to assess how positively respondents felt about the five tobacco products (cigarettes, cigars, chew, hookah and e-cigarettes) a scale was created from responses to the four dichotomized questions for each product type. The questions were: "Do you think young people who use the following products have more friends?"; "Do you think using the following products makes young people look cool or fit in?"; " . . . helps people feel more comfortable at parties or in other situations?"; and " . . . help people relieve stress?" Responses to each item were dichotomized such that "Definitely Not" or "Probably Not" = 0 and "Definitely Yes" or "Probably Yes" = 1. The scale for each product ranges from 0 to 4, with 0 being disagreement with all statements about the product and 4 being agreement with all statements about the product. Cronbach's alphas for the scales ranged from 0.64 to 0.69.
Analysis
Weighted estimates of the prevalence of the four product use categories were calculated. Weighted bivariate analyses were conducted to assess unadjusted differences in demographics, environmental factors and psychosocial characteristics for the four e-cigarette user types using chi-square tests. Regression analyses were limited to cases with complete data for all variables in the model, resulting in an analytic sample of N = 2756. Associations between e-cigarette user type and all characteristics were examined using weighted multinomial logistic regression, with exclusive e-cigarette users (the EC group) as the referent group. The model adjusted for covariates including age, race, gender and self-reported school performance and assessed for collinearity using variance inflation factor tests. All analyses were completed in 2017 using Stata version 14 (StataCorp LLC, College Station TX, USA) using the svy suite to account for sample clustering. Statistical significance is reported at p < 0.05.
Results
In Florida, 20.5% of high school students and 8.5% of middle school students currently use e-cigarettes [4] . The majority (81.2%) of e-cigarette-using youth in Florida also used tobacco products (Table 1) . A total of 18.8% of current e-cigarette-using youth exclusively used e-cigarettes (EC group) and 3.3% exclusively used e-cigarettes and cigarettes (EC/C group). Almost 80% of youth e-cigarette users reported concurrent use of non-cigarette OTPs, 40.2% in the EC/C/OTP group and 37.8% in the EC/OTP group (Table 2) . Youth in the EC/C/OTP group used an average of 4.4 OTPs, while youth in the EC/OTP group used an average of 2.4 OTPs. Table 2 also presents the weighted bivariate analyses assessing unadjusted differences in demographics, environmental factors and psychosocial characteristics for the four e-cigarette user types using chi-square tests.
We report results from multinomial logistic regression in Table 3 . Compared with the EC group, living with someone who uses e-cigarettes was negatively associated with use of any tobacco products. Relative risk ratios (RRR) show that living with someone who uses hookah was significantly associated with a greater likelihood of EC/OTP use (RRR = 3.17, p < 0.0001) and EC/C/OTP use (RRR = 2.13, p < 0.001). Living with someone who uses cigars was significantly associated with a greater likelihood of EC/C use (RRR = 2.41, p < 0.05) and EC/C/OTP use (RRR = 2.15, p < 0.001). Relative to the EC group, having been in a room with a smoker in the past 30 days was significantly associated with a greater likelihood of being in the EC/OTP group (RRR = 1.66, p < 0.001) and EC/C/OTP group (RRR = 3.22, p < 0.0001). EC = e-cigarette. C = cigarette. OTP = other tobacco product. a The positive attitudes measures are on a scale of 0 to 4 with 0 = disagreement with all four statements about the product and 4 = agreement with all four statements about the products. The statements are as follows "Do you think young people who use the following products have more friends", "Do you think using the following products makes young people look cool or fit in", "Do you think using the following products helps people feel more comfortable at parties or in other situations", and "Do you think using the following products helps people relieve stress?". * p < 0.05, ** p < 0.01, *** p < 0.001. EC = e-cigarette. C = cigarette. OTP = other tobacco product. a The positive attitudes measures are on a scale of 0 to 4 with 0 = disagreement with all four statements about the product and 4 = agreement with all four statements about the products. The statements are as follows "Do you think young people who use the following products have more friends", "Do you think using the following products makes young people look cool or fit in", "Do you think using the following products helps people feel more comfortable at parties or in other situations", and "Do you think using the following products helps people relieve stress?".
Compared with the EC group, none of the three multiple product user types showed significant differences in association with perceiving e-cigarettes as more harmful than cigarettes. Thinking that cigarettes would be easy to quit was associated with a greater likelihood of EC/OTP use (RRR = 2.51, p < 0.001) and EC/C/OTP use (RRR = 3.20, p < 0.0001) relative to exclusive EC use. Relative risk ratios indicate respondents who thought they will be smoking cigarettes in 5 years had a greater likelihood of being in the cigarette use groups (EC/C users (RRR = 4.04, p < 0.0001) and EC/C/OTP users (RRR = 7.82, p < 0.0001). Few RRRs for positive product attitudes showed statistical associations with the user types relative to the EC group and results were mixed. Relative to the EC group, tobacco company marketing receptivity was significantly associated with a greater likelihood of EC/C use (RRR = 2.00, p < 0.05), EC/OTP use (RRR = 2.11, p < 0.0001) and EC/C/OTP use (RRR = 2.09, p < 0.0001).
Discussion
Results showed that a large majority of e-cigarette-using youth in Florida also use tobacco products and that a significant proportion used more than four products on average. This suggests that any effort to prevent or address e-cigarette use among youth should be done with consideration for concurrent use with multiple tobacco products. In addition, nearly a fifth of e-cigarette using youth did not use tobacco products. This suggests that some youth are being exposed to nicotine who might not otherwise use tobacco products. This exposure is concerning due to the harms nicotine can pose to brain development during adolescence, the potential for youth to become nicotine dependent and the potential for increased susceptibility for using tobacco products, which contain many deadly carcinogens.
We do not know the degree to which youth e-cigarette use is part of a temporal experimentation process or will escalate to sustained use of multiple nicotine products. However, even brief periods of concurrent use of multiple nicotine products pose health risks to children because multiple product use can be associated with exposure to higher levels of nicotine [12] , that is harmful to adolescent brain development [9, 11, 21] . When followed over time, dual users are much more likely to continue to dual use than to quit or to switch to single product use [13] , suggesting that they might experience greater difficulty quitting [12] . These risks underscore the need for public health efforts to prevent or reduce concurrent use of e-cigarettes with cigarettes or OTP among youth. Further research is needed to develop effective prevention and health communication strategies for addressing the concurrent use of e-cigarettes and multiple tobacco products among youth.
Some psychosocial correlates had common associations across the four groups of user types. The consistently high percentages of agreement and association with the belief that e-cigarettes are less harmful than smoked cigarettes across the e-cigarette user types suggest that all e-cigarette-using youth might respond similarly to messages related to harm. Such messages could be cross-cutting and would not need to be targeted to a specific user type.
However, some findings suggest that there are differences in psychosocial and demographic characteristics across the four types of e-cigarette-using youth. Social exposure to tobacco use, both living with and being in the same room with a tobacco user, was associated with dual and poly use. This finding highlights the potential value of encouraging parents to stop using tobacco and to extend any home rules about tobacco use to include both cigarettes and non-cigarette OTPs.
These data showed believing that it is easy to quit smoking is positively associated with using e-cigarettes concurrently with OTPs relative to exclusive use of e-cigarettes, regardless of whether the youth smoked. Furthermore, thinking that oneself will be smoking cigarettes in 5 years was strongly associated with e-cigarette user types that concurrently smoke cigarettes. This suggests that addiction-related perceptions have a nuanced association with polytobacco product use. Although the general belief that quitting smoking is easy was associated with use of additional tobacco products beyond e-cigarettes, current cigarette smoking was associated with an understanding among youth that they would still be smoking in 5 years. Further research is needed to understand how these perceptions might be related to experimentation with multiple tobacco products and progression to nicotine dependence.
Finally, our results also showed that receptivity to tobacco company marketing was significantly associated with all of the multiple product user types relative to e-cigarette only users, similar to the results found in other research on multiple product use [18] . Receptivity can be successfully influenced by public health efforts. For example, the "truth" antismoking campaign, which focused on countering tobacco industry marketing tactics, reduced youth smoking prevalence [22] . Thus, similar denormalization efforts could be a promising approach for addressing youth polytobacco use among e-cigarette-using youth.
Results reported here benefit from the use of FYTS, a state-level representative dataset that captures relatively large numbers of current e-cigarette-using youth. However, there are several limitations that should be noted. The FYTS is cross-sectional and did not collect data on the use history of participants; therefore, we cannot assess use trajectories or potential gateway effects. The FYTS is also a school-based sample of youth in Florida and may not adequately represent youth not in school, especially those who have dropped out of enrollment. We were unable to control for some factors, such as socioeconomic status, that may be associated with e-cigarette and tobacco product use.
Conclusions
Prevention efforts for e-cigarettes are novel and often do not specifically address use of multiple nicotine products. Understanding variation in psychosocial characteristics among types of e-cigarette users could provide useful information for developing effective prevention efforts for tobacco use among e-cigarette users. In addition to demographic factors, psychosocial factors may put some youth at greater risk for e-cigarette polytobacco use and increased exposure to nicotine and other harmful chemical constituents in tobacco products. Our results suggest that prevention efforts and health communications might benefit from addressing dual and polytobacco use patterns, and associated psychographic characteristics specifically. Although effective messages and strategies for e-cigarettes and dual or polytobacco use are yet to be developed and tested, our findings suggest that youth perceptions about ease of quitting cigarettes, intentions to continue smoking cigarettes, and receptivity to tobacco company marketing are promising areas for media campaign messaging aimed at reducing tobacco product use among youth. Results also showed that being in the same room with a smoker is associated with increased tobacco product use, suggesting potential importance of reducing exposure to tobacco use. Home rules about tobacco use and clean indoor air policies reduce youth cigarette smoking [11] but little is known about whether these factors similarly influence e-cigarette and polytobacco use. Further research may determine if expansion of such policies is effective for reducing youth e-cigarette and polytobacco use and through what pathways (e.g., changing social norms).
